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5 METHOD AND KIT FOR DETECTING MEMBRANE PROTEIN - PROTEIN 

INTERACTIONS 

The present invention is concerned with a method for detecting 
L0 membrane protein - protein interactions with an in vivo genetic 
system based in yeast, bacterial or mammalian cells. Further- 
more, the invention provides a kit for detecting the interac- 
tions between a first membrane test protein and a second test 
protein using reconstitution of the split ubiquitin protein. 
15 The reconstitution of split ubiquitin makes use of chimeric 
genes, which express hybrid proteins. 

Background of the Invention 

20 An important area in biology is the analysis of interactions 
between proteins. Proteins are complex macromolecules made up 
of covalently linked chains of amino acids. Each protein as- 
sumes a unique three-dimensional shape principally determined 
by its sequence of amino acids. Many proteins consist of 

25 smaller units called domains, which are continuous stretches of 
amino acids able to fold independently from the rest of the 
protein (e.g. a-helices, 0-sheets) . 

Interactions between proteins mediate most processes in a liv- 
30 ing cell. They are involved, for example, in the assembly of 
enzyme subunits, antigen- antibody reaction, in forming the su- 
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pramolecular structures of ribosomes, filaments and viruses. A 
special and specific role can be attributed to membrane pro- 
teins. They are involved in the transport of molecules; in the 
interaction of receptors on the cell surface with growth fac- 
5 tors and hormones; membrane bound oncogene products can give 
rise to neoplastic transformation through protein-protein in- 
teractions with proteins called kinases whose enzymatic activ- 
ity on cellular target proteins leads to a cancerous state. 
Other examples of a protein-protein interaction in membranes 

10 occur when virus infects a cell by recognizing a protein (re- 
ceptor) on the surface, and this interaction has been used to 
design antiviral agents. There are two types of transmembrane 
proteins: Type I transmembrane proteins have their Oterminus 
in the cytoplasm, whereas the Type II transmembrane proteins 

15 have their C- terminus outside the cell (or in the inner part of 
some other organelle, for example in the lumen of the endoplas- 
mic reticulum) . 

Protein-protein interactions have been generally studied in the 
20 past ten years by using biochemical techniques such as cross- 
linking, co-immunoprecipitation and co-fractionation by chroma- 
tography. Biochemical methods have the disadvantage that inter- 
acting proteins are generally known as bands of a particular 
mobility on a polyacrylamide gel. To progress from these bands 
25 to cloned genes is often a very tedious process. 

A genetic system that is capable of rapidly detecting which 
proteins interact with a known protein, determining which do- 
mains of the proteins interact, and providing the genes for the 
30 newly identified interacting proteins has been developed in 
1989 by Stan Fields and Ok-Kyu Song [Fields, S. and Song, O.- 
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K., Nature 340 , 245-248 (1989)]. Their system, termed yeast 
two-hybrid, system, is based on reconstitution of a transcrip- 
tional activator and transcriptional activation of reporter 
genes- The yeast two-hybrid system is a powerful method in the 
5 in vivo analysis of the protein-protein interaction, but is 
naturally limited to the analysis of soluble proteins or solu- 
ble domains of membrane proteins, i.e. interactions between in- 
tegral membrane proteins cannot be studied. In addition, the 
hybrid proteins are targeted to the nucleus where the interac- 
10 tions take place. Thus, the interactions that are dependent on 
post-translational modifications that take place within ER, 
such as glycosylation and disulfide bond formation, may not oc- 
cur. 

15 The split-ubiquitin system represents an alternative assay for 
the in vivo analysis of protein interactions. It was developed 
in 1994 by Niels Johnsson and Alexander Varshavsky [Johnsson, 
N. and Varshavsky, A., Proc. Natl. Acad. Sci. USA 91, 10340- 
10344 (1994)] for the detection of interactions between soluble 

20 proteins (Figure 1). Ubiquitin (Ub) is a 76 amino acid residue, 
single domain protein that is present in cells either free or 
covalently linked to other proteins. Ubiquitin plays a role in 
a number of processes primarily through routes that involve 
protein degradation. In eukaryotes, newly formed Ub fusions are 

25 rapidly cleaved by ubiguitzin specific proteases (UBPs) ^fter 
the last residue of Ub at the Ub-polypeptide junction. The 
cleavage of a UB fusion by UBPs requires the folded conforma- 
tion of Ub. When a C-terminal fragment of ubiquitin (Cub) is 
expressed as a fusion to a reporter protein, the fusion is 

30 cleaved only if an N-terminal fragment of Ubiquitin (Nub) is 
also expressed in the same cell. This reconstitution of native 
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ubiquitin from its fragments, detectable by the in vivo cleav- 
age assay, is not observed with a mutationally altered Nub. 
However, if Cub and the altered Nub are each linked to polypep- 
tides that interact in vivo, the cleavage of the fusion con- 
5 taining Cub is restored, yielding a generally applicable assay 
for detecting the protein-protein interactions (Figure 1) . 

The system was subsequently modified and shown to work with 
membrane proteins [I. Stagljar et al., Proc. Natl. Acad. Sci. 

10 USA 95, p. 5187-5192, 1998)]. Three yeast membrane proteins of 
the endoplasmic reticulum have been used as a model system. 
Wbplp and Ostlp are both subunits of the oligosaccharyl trans- 
ferase membrane protein complex. The Alg5 protein also local- 
izes to the membrane of the endoplasmic reticulum, but does not 

15 interact with the oligosaccharyltransf erase. Specific interac- 
tions were detected between Wbplp and Ostlp, but not between 
Wbplp and Alg5p. Therefore, the modified split-ubiquitin system 
works as a detection system for membrane proteins. In contrast 
to the conventional two-hybrid system, which requires nuclear 

20 localization, the interactions are detected at the natural en- 
vironment of the protein of interest. 



However, none of the aforementioned prior art suggests a ge- 
netic method that works for the detection of in vivo membrane 
protein - cytosol protein interactions as well as for membrane 
protein - membrane protein interactions using transcriptional 
activation as an assay. 

It is therefore an object of the present invention to provide a 
genetic method for detecting in vivo protein interactions of 
membrane proteins with membrane proteins as well as membrane 
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proteins with cytosolic (soluble) proteins. 

A further object of the present invention is a method for the 
identification of new genes by screening libraries fused to the 
5 N-terminal domain of Ubiquitin (Nub) . 

Another object of this invention is to provide a method by 
which a multiplicity of proteins , such as those encoded by the 
entire genome of a cell/ can be simultaneously tested for in- 
10 teraction with a known protein. 

Yet another object of the present invention is to provide a 
method which can be used in the design of peptides to be used 
therapeutically. 

15 

A still further object of this invention is to provide a method 
for testing affinity reagents for protein purification. 

The present invention also provides kits for carrying out each 
20 of the above mentioned objects. 

Summary of the Invention 

These and other objects are achieved by the present invention, 
25 which provides a method and a kit for detecting interactions 
between either two membrane proteins or one membrane ancl one 
cytosolic protein. The reconstitution of split ubiquitin makes 
use of chimeric genes, which express hybrid proteins. Two types 
of hybrid proteins are prepared. The first hybrid contains a 
30 membrane protein of interest (bait) fused to the Cub-PLV module 
(containing C-terminal domain of ubiquitin (Cub) followed fc>y an 
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artificial transcriptional activator (ProteinA-LexA-VPl6) ) . The 
second hybrid protein (prey) contains an N-terminal domain of 
ubiquitin fused to the second test protein. The prey protein 
can be either a membrane protein or a soluble cytoplasmic pro- 
tein. If two test proteins are able to interact, they reconsti- 
tute two separate ubiquitin domains into an active ubiquitin 
leading to the cleavage of the transcriptional activator and 
activation of the yeast reporter system. 

One advantage of this method is that a multiplicity of membrane 
proteins can be simultaneously tested to determine whether any 
interact with a known protein. For example, a DMA fragment en- 
coding the membrane protein of interest (bait) is fused to a 
DNA fragment encoding the Cub-Protein A-LexA-VP16 fusion. This 
hybrid is introduced into the host cell (yeast, bacterial or 
mammalian cells) carrying marker genes. For the second partner, 
a library of plasmids can be constructed which may include, for 
example, total human complementary DNA (cDNA) fused to the DNA 
sequence encoding the N-terminal domain of Ubiquitin (NubG) . 
This library is introduced into the yeast cells carrying bait 
protein. If any individual plasmid from the library encodes a 
protein that is capable of interacting with the membrane bait 
protein, a positive signal will be obtained. In addition, when 
an interaction between proteins occurs, the gene for the newly 
identified protein is available. 

The system can be of value in the identification of new genes. 
For example, membrane bound receptors may be identified that 
interact with a known membrane protein. Proteins that interact 
with oncogene-encoded membrane proteins may be discovered, and 
these proteins will be of therapeutic value. 
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The system can be used in the design of peptide inhibitors. For 
example, peptides that interact with membrane bound growth fac- 
tor receptors can be identified and then tested in other sys- 
5 tenis for their ability to inhibit the signal transduction. Pep- 
tides that bind to bacterial or viral membrane proteins can be 
identified and then tested in other systems for their ability 
to inhibit these bacteria or viruses. 

10 The system can be used to test affinity reagents for protein 
purification. Peptides or protein domains can be identified 
that interact with the known membrane protein of interest and 
these may then be used in a purification protocol for the known 
protein. 

15 

De-tailed Description of the Invention 

A method for detecting the interaction between a first test 
membrane protein and a second test (membrane or soluble) pro- 

20 tein is provided in accordance to the present invention. The 
method is set up in yeast, preferably in Schizosaccharomyces 
pombe, most preferably in the budding yeast Saccharomyces cere- 
visiae, but can be set up as well in bacteria such as Es- 
cherichia coli and mammalian cell systems. The host cell con- 

25 tains a detectable gene having a binding site for a transcrip- 
tional activator, preferably PLV (for Protein A-LexA-VP16) f 
such that the detectable gene expresses a detelctaible protein 
when the detectable gene is transcriptionally activated, 

* 

30 The first chimeric gene is provided which is capable of being 
expressed in the host cell. The first chimeric gene contains a 
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DNA coding for a first test membrane protein fused to the tran- 
scriptional activator called PLV (for Protein A-LexA-VP16) . 
.This protein is then tested for interaction with a second test 
protein or protein fragment. 

5 

A second chimeric gene is provided which is capable of being 
expressed in the host cell. The second chimeric gene contains a 
DNA sequence that encodes a second hybrid protein. The second 
hybrid protein contains an N-terminal domain of Ubiquitin 

10 (NubG) . The second hybrid protein also contains a second test 
protein or a protein fragment which is to be tested for inter- 
action with the first test protein or protein fragment. The 
second hybrid protein may be encoded in a library of plasmids 
that contain genomic, cDNA or synthetically generated DNA se- 

15 quences fused to the DNA sequence encoding the N-terminal do- 
main of Ubiquitin (NubG) . The interaction between the first 
test membrane protein and the second test protein in the host 
cell, therefore, causes the cleavage of the transcriptional ac- 
tivator that activates transcription of the reporter genes. The 

20 method is carried out by introducing the first chimeric gene 
and the second chimeric gene into the yeast reporter strain. 
The host cell is subjected to conditions under which the f±rst 
membrane test protein and the second test protein are expressed 
in sufficient quantity for the reporter gene to be activated. 
25 The cells are then tested for their expression of the detect- 
able gene to a greater degree than in the absencel of an inter- 
action between the first test protein and the second test pro- 
tein. 

30 in this way interactions between a first membrane test protein 
and a library of proteins can be tested. For example, the first 
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test membrane protein may be derived from a bacterial membrane 
protein, a viral membrane protein, an oncogene-encoded membrane 
protein, a growth- factor receptor or any eukaryotic membrane 
protein. The second test protein may be derived from a library 
5 of plasmids as described above. 

The method of the present invention may be practiced using a 
kit for detecting interaction between a first test membrane 
protein and a second test protein. The kit includes a con- 
10 tainer, six vectors and a host cell. The vectors for the mem- 
brane based yeast two-hybrid system are schematically shown in 
Figure 2. The first vector (pY-Cub-PLV) , that allows to assay 
any Type I transmembrane protein (Y) , contains a (w^T) yeast 



15 moter, Cycl promoter and TEF promoter, followed by the unique 
restriction sites for inserting a DNA sequence encoding a test 
membrane protein in such a manner that the first test protein 
is expressed as a fusion to the Cub-Protein A-LexA-VP16 por- 
tion. The first vector also contains a terminator sequence 

20 which is necessary to terminate the transcription of a given 
test membrane protein. The first vector does not include the 
sequence that allows its replication in yeast. This vector is 
an integrative vector that has to be stable integrated in the 
yeast genome. Also included on the first vector is a first 

25 marker gene (LEU2), the expression of which in the host cell 
permits selection of cells containing the first marker gene 
from cells that do not contain the first marker gene. 



promoter selected from the group consisting of 




pro- 



30 



The second vector (pPLV-Cub-Y) , that allows to assay any Type 
II transmembrane protein (Y) , contains a (wJ^S) yeast promoter 
selected from the group consisting of the ADH promoter, Cycl 
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promoter and TEF promoter, followed by the unique restriction 
site for inserting a DNA sequence encoding a test membrane pro- 
tein in such a manner that the first test protein is expressed 
as a fusion to Protein A-LexA-VP16~Cub portion (Figure 2). Note 
5 that there is an inverted orientation of the transcription fac- 
tor fused to the PLV portion. The second vector also contains a 
terminator sequence which is necessary to terminate the tran- 
scription of a given test membrane protein. The second vector 
does not include the sequence that allows its replication in 

10 yeast. As the first vector, this vector is an integrative, vec- 
tor that has to be stable, integrated in the yeast genome. Also 
included on the second vector is a marker gene (LEU2), the ex- 
pression of which in the host cell permits selection of cells 
containing the first marker gene from cells that do not contain 

15 the first marker gene. 

The third vector (pX-NubG) allows the cloning of the prey pro- 
tein (X) that may be a transmembrane protein or soluble (cyto- 
plasmic) protein (Figure 2). The test protein may be encoded in 

20 a library of plasmids that contain genomic, cDNA or syntheti- 
cally generated DNA sequences fused to the NubG domain. The 
third vector also includes a promoter selected from the group 
consisting of the ADH promoter, Cycl promoter and TEF promoter, 
and does include a transcription termination signal to direct 

25 transcription. It also includes a DNA sequence that encodes the 
N-terminal domain of Ubiquitin (NubG) and a unique restriction 
site to insert a DNA sequence encoding the second test protein 
or protein fragment into the vector. Thus, the third vector al- 
lows the cloning of the test protein as an N-terminal fusion to 

30 the NubG domain. The third vector further includes a means for 
replicating itself in the host cell, i.e. yeast or bacteria. It 
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also includes a second marker gene (TRP1), the expression of 
which in the host cell permits selection of cells containing 
the second marker gene from cells that do not contain the sec- 
ond marker gene. 

5 

The fourth vector (pNubG-X) allows the cloning of the prey pro- 
tein (X), a transmembrane protein or soluble (cytoplasmic) pro- 
tein, as a C-terminal fusion to the NubG domain (Figure 2) . The 
fourth vector also includes a promoter selected from the group 

10 consisting of the ADH promoter, Cycl promoter and TEF promoter, 
and transcription termination signal to direct transcription. 
It also includes a DNA sequence that encodes the N-termirial do- 
main of ubiquitin (NubG) and a unique restriction site to in- 
sert a DNA sequence encoding the second test protein or protein 

15 fragment into the vector. The fourth vector further includes a 
means for replicating itself in the host cell and in bacteria. 
It also includes a second marker gene (TRP1), the expression of 
which in the host cell permits selection of cells containing 
the second marker gene from cells that do not contain the sec- 

20 ond marker gene. 

The fifth (pNubl-X) and the sixth (pX-Nubl) vector serve as the 
control vectors of the membrane based yeast two-hybrid system. 
They are identical to the pNubG-X and pX-NubG vectors, respec- 
25 tively, with the only difference that they contain the wild 
type Nub domain (Nubl) . Thus, any in franie fusion of a second 
test protein to these two vectors will result in a positive 
signal using the yeast host cell. 

30 While vectors published by Stagljar et al. [Proc. Natl. Acad. 
Sci. USA 95, 5187-5192 (1998)] enabled the expression of the 
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yeast Wbplp/ Ostlp and Alg5p only, the newly designed vectors 
enable now the cloning of any desirable membrane "bait" protein 
into pY-Cub-PLV and pPLV-Cub-Y, and any desirable "prey" pro- 
tein or a genomlc/cDNA library into pNubG-X or pX-NubG vectors. 
5 For easy Immunological detection pNubG-X and pX-NubG were 
tagged with a haemaglutinine (HA) epitope. All vectors were con- 
firmed by DNA sequencing. 

The kit includes a host cell, a yeast or bacterial strain that 
10 contains the detectable gene having binding sites for the arti- 
ficial transcription factor Protein A-Cub-PLV. The binding site 
is positioned so that the reporter gene expresses a reporter 
protein when two proteins interact in this system. The host 
cell, by itself, is incapable of expressing a protein having a 
15 function of the first marker gene (LEU2) , the second marker 
gene (TRP1), the Cub-PLV portion, or the NubG domain. 

The basic strategy of the testing method is shown in Figure 1. 
The method is based on the previously developed split-ubiquitin 

20 technique. The split-ubiquitin technique is based on the abil- 
ity of Nub and Cub, the N- and C-terminal halves of Ub, to as- 
semble into quasi-native Ubiquitin. Ubiquitin-specif ic prote- 
ases (UBPs), which are present in all eukaryotic cells, recog- 
nize the reconstituted Ubiquitin, but not its halves, and 

25 cleave the Ubiquitin moiety off a reporter protein that had 
been linked to the C terminus of Cub. Quite in analogy to the 
two-hybrid system, the liberation of the reporter serves as a 
readout indicating the reconstruction of Ubiquitin. The assay 
is designed in a way that prevents efficient association of Nub 

30 and Cub by themselves, but allows it if the two Ubiquitin 
halves are separately linked to proteins that interact in vivo. 
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Figure 3a schematically illustrates two test membrane proteins, 

Y and X. The first chimeric protein contains the Type I trans- 
membrane bait protein Y fused to the Cub-PLV portion resulting 

5 in Y-Cub-PLV protein. The second chimeric protein contains a 
second interacting protein X (here depicted as a membrane pro- 
tein) fused to the NubG domain called X-NubG. Neither of these 
proteins, Y-Cub-PLV and X-NubG f is able to activate transcrip- 
tion. The interaction of proteins Y and X, as illustrated in 

10 Figure 3b, results in formation of the split-ubiquitin het- 
erodimer. The heterodimer is recognized and cleaved by the 
Ubiquitin specific proteases (UBPs) {open scissors) , liberating 
PLV. The PLV can enter the nucleus by diffusion and bind to the 
LexA-binding sites leading to activation of transcription of 

15 the lacZ and HIS3 reporter genes. This results in blue cells in 
the presence of X-gal and growth of the cells on agar plates 
lacking histidine. 

Figure 3c schematically illustrates interaction between a Type 
20 II transmembrane protein (Y) and a cytoplasmic protein (X) . The 
first chimeric protein contains the bait protein Y fused to the 
PLV-Cub portion resulting in PLV-Cub-Y protein. The second chi- 
meric protein contains a second interacting protein X (here de- 
picted as a cytoplasmic protein) fused to the NubG domain 
25 called NubG-X. Neither of these proteins, PLV-Cub- Y and NubG-X, 
is able to activate transcription . The interact ion of prbt eins 

Y and X, as illustrated in Figure 3c, results in formation of 
the split-ubiquitin heterodimer. The heterodimer is recognized 
and cleaved by the Ubiquitin specific proteases (UBPs) (open 

30 scissors), liberating PLV-Cub. The PLV-Cub can enter the nu- 
cleus by diffusion and bind to the LexA-binding sites leading 
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to activation of transcription of the lacZ and HIS3 reporter 
genes. This results in blue cells in the presence of X-gal and 
growth of the cells on agar plates lacking histidine. 

5 The system is dependent on a number of conditions to properly 
carry out the method of this invention. The first interacting 
(„bait w ) protein must be a membrane protein. The bait protein 
carrying Cub-PLV may not be overexpressed since overexpression 
would result in false-positives. We found that a soluble Cub- 

10 PLV results in gene activation without the need for any Nub. 
Therefore, the bait fusion protein has to be anchored to the 
lipid bilayer in order to test for interactions . Soluble pro- 
teins of interest might be tested by fusing them to a membrane 
protein anchor. In addition, the Cub-PLV and NubG domains must 

15 be located in the cytoplasm, otherwise the cleavage of the PLV 
portion cannot occur since UBPs are located only in the cyto- 
plasm of the yeast cell. 

20 Examples 

In order to test for interactions between two known proteins or 
one known protein (bait) and a protein (s) encoded by a cDNA li- 
brary fragment, Cub-Protein A-LexA-VP16 reporter protein is 

25 fused to the C-terminal tail of the target bait transmembrane 
protein (Y) , resulting in the bait construct Y-Cub-PLV; The 
other candidate protein, the "prey" (X) , is fused to the NubG 
as either a N- or C- terminal fusion creating NubG-X or X-NubG. 
The bait plasmid encoding Y-Cub-PLV is linearized and inte- 

30 grated into the yeast genome LEU2 locus following the transfor- 
mation of the "prey" construct (X-NubG or NubG-X) . Trans for- 
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mants are selected and assayed for the production of p- 
galactosidase. The expression of p-galactosidase indicates that 
the two hybrid proteins interact and reconstitute a functional 
ubiquitin molecule. 

5 

Example 1 

Testing for an interaction between Y and X 

1. Construction of two fusion genes. 

10 One is the fusion between a transmembrane protein Y and Cub-PLV 
(Y-Cub-PLV) • The other is a fusion between a known protein X or 
cDNA library and NubG (X-NubG or NubG-X) . The orientation and 
the reading frame between the two parts of each fusion must be 

r 

maintained so that the hybrid proteins containing the Y fused 
15 to the Cub-PLV portion and X fused to the NubG portion will be 
expressed (Example 2) . As a control for expression and the gen- 
eral topology, Nubl fusions to the protein of interest are con- 
structed. NubA has an intermediate affinity to Cub, which may 
be useful under certain conditions. It has to made sure that 
20 the ubiquitin fusions localize topologically to the cytoplasm, 
since ubiquitin and ubiquitin-specif ic proteases are present 
only in the cytoplasm. 

2. Transformation of the yeast reporter strain L40 with the 
25 linearized bait construct expressing the Y-Cub-PLV fusion. 

Transformed cells, are selected on the appropriate selective 
plates (dropout plates omitting leucine) ; This strain is trans- 
formed with the "prey" plasmid (X-NubG or NubG-X) or a cDNA li- 
brary fused to NubG (Example 2). The transformed cells are 
30 plated on dropout media lacking uracil and leucine and incu- 
bated at 30~C. 
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3. After colonies appear, the transformants for p-galactosiciase 
activity are tested. The transforraants can be streaked out in 
the form of patches and tested using the filter test assay (Ex- 
ample 3) . Transformanta expressing Nubl/NubA or relevant inter- 
acting proteins will turn blue after the filter test assay. The 
p-galactosidase activity can be quantified by using the liquid 
assay {Example 4) . 

4. Another control experiment is the analysis of the interac- 
tion mediated cleavage of the PLV portion in vdvo by Western 
blot analysis and probing with peroxidase-IgG (Example 5) . 

Example 2 . 

Construction of hybrid genes and their transformation in the 
reporter strain. 

All plasmids to be used in the membrane protein applicable two- 
hybrid system are shuttle vectors, which replicate autonomously 
in both E.coli and S. cerevisiae. The available vectors arid 
yeast strains are published in Stagljar, I. et al . , Proc. Natl. 
Acad. Sci. USA, 95, pp. 5187-5192 (1998). It is advisable to 
integrate the fusion gene encoding the bait protein into the 
chromosome. Expression of the protein fusion from episomaJL or 
CEN/ARS plasmids might result in overexpression and false posi- 
tives. 

Example 3, 
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Filter assay for the detection of (J-galactosidase activity. 

1. The yeast expressing Y-Cub-PLV are grown together with Nub- 
fusion proteins for two days at 30°C on sterile Whatman filters 

5 on drop-out agar plates lacking leucine and tryptophan . The 
drop-out -medium is used because cells tend to grow poorly in 
standard minimal medium. 

2. Using forceps, the filter is transferred and dipped Into 
10 liquid nitrogen for 3 min and allowed to thaw at room tempera- 
ture . 

3. The filters are overlaid with 1.5% agarose in 0.1 M NaP0 4 - 
buffer (pH 7.0) containing 0.4 mg/ml X-gal. 

15 

4. The filters are incubated at 30°C for 0.4-24 hours. 
Example 4. 

20 

Quantitation of (5-galactosidase activity. 

1. Yeast transformants expressing Y-Cub-PLV are inoculated to- 
gether with Nub-fusion proteins into 3 ml of liquid drop-out 

25 medium lacking uracil, leucine and tryptophan. 

2. Incubation at 30°C until cultures reach midlog phase (OD 54 6 
-1.0) 



30 3. Cells are pelleted from 1 ml of culture, washed once in Z 
buffer, and resuspend in 300 \il Z-buffer. 
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4. 100 \il cells are taken and lysed by 3 freeze/thaw cycles. 

5. 700 |Al Z-buffer containing 0.27 % (v/v) p-mercaptoethanol 
and 160 \il ONPG (4 mg/ral in Z-buffer) are added and Incubated 
for 1-20 hours at 30°C. 

6. 400 nl 0.1 M NaC0 3 are added, the samples centrlfuged, and 
the OD 42 o is measured. 

7. The p-galactosidase activity is calculated using the for- 
mula: 

p-galactosidase units - 1000 xOD«o/ (OD 546 x min) 
Example 5. 

Western blot analysis of cells expressing Y-Cuto-PLV together 
with Nub-fusions 

1. Yeast cells expressing Y-Cub-PLV together w±th Nub-fusion 
proteins are grown at 30°C to an OD S46 of 0.3-1.2 in drop-out 
liquid medium lacking leucine and tryptophan. 

2. The cells are pelleted and resuspended in 50 |*1 1.85 M NaOH 
per 3 OD units of cells, and incubated on ice for 10 min. 

3. The same volume of 50 % trichloroacetic acid is added, and 
the proteins are precipitated by centrifugation for 5 min. 
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4. The pellet is resuspended in 50 \il of SDS-sample buffer con- 
taining 8 M urea. 

5. 20 |il of 1 M Tris.base is added and the protein is dissolved 
5 at 37 °C (heating to 95°C sometimes results in the clumping of 

membrane proteins ) . 

6. The samples are centrifuged for 2 min. and 10 jxl extract is 
used for SDS-PAGE/Western blotting analysis. 

10 

7. The amount of protein loaded by Coomassie staining of the 
SDS-gels is verified. 

8. The membranes are probed with peroxidase-IgG at 1:5000 dilu- 
15 tion. Protein A- fusion proteins are detected by enhanced chemi- 

luminescence (Pierce of Amersham) . 
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Claims 

5 1. A method for detecting an interaction between a first mem- 
brane bound test protein or fragment thereof and a second test 
protein or fragment thereof which is either membrane bound or 
soluble, the method comprising: 

(a) providing a host cell containing a detectable gene having 
10 a binding site for a transcriptional activator, such that 

the detectable gene expresses a detectable protein when 
the detectable gene is transcriptionally activated; 

(b) providing a first chimeric gene capable of being expressed 
in said host cell, the first chimeric gene coding for a 

15 first test membrane protein attached to the DNA-sequence 

of a first module of a protein responsible for intracellu- 
lar degradation which again is fused to a transcriptional 
activator, said first test protein is to be tested with a 
second protein or protein fragment thereof; 

20 (c) providing a second chimeric gene capable of being ex- 
pressed in said host cell, the second chimeric gene coding 
for a second test protein which is either membrane bound 
or soluble and is attached to the DNA-sequence of a second 
module of a protein responsible for intracellular degrada- 

25 tion; 

(d) introducing the first chimeric, gene and the second chi- 
meric gene into the host cell enabling an interaction be- 
tween the first and the second test protein which leads to 
an interaction between the module of the intracellular 
degradation protein which in turn leads to the cleavage of 
the transcriptional activator; 



30 
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(e) determining whether the detectable gene of the host cell 
has been activated by the transcriptional activator, 

2. The method according to claim 1, v/herein the host cell is 
5 a yeast, a bacterial or a mammalian cell. 

3. The method according to claim 2, wherein the host cell is 
a Saccharomyces pombe cell or more preferably cells of the bud- 
ding yeast Saccharomyces cerevisiae. 

10 

4. The method according to claim 1 wherein the detectable 
gene is activated by a natural or artificial activator, 

5. The method according to claim 4 wherein the detectable 
15 gene is activated by the artificial transcriptional activator 

protein A-LexA-V16 (PVL) . 

6. The method according to claim 1 wherein the intracellular 
degradation protein is ubiquitin comprising a first Oterminal 

20 module Cub and a second N-terminal module Nub. 

7. The method according to claim 1 wherein the DNA-sequences 
coding for the first test protein are selected from a group 
consisting of any bacterial membrane protein, any viral mem- 

25 brane protein, any oncogene-encoded membrane protein, any 
growth factor receptor or any eukaryotic membrane protfein. 

8. The method according to anyone of the preceding claims 
wherein the second test membrane protein comprises a library of 

30 plasmids . 
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9. A kit for detecting binding between a first membrane bound 
test protein and a second test protein or fragments thereof 
which is either membrane bound or soluble comprising: 

(a) a host cell; 

(b) a first vector stable integrated in the host cell genome 
allowing to assay type I transmembrane proteins comprising 
a plasmld portion, a first gene coding for a membrane 
bound protein, a module of an intracellular degradation 
protein, a transcriptional activator, a promoter, unique 
restriction sites, a transcription termination signal. , a 
first marker gene but no replication initiating sequence; 

(c) a second vector stable integrated in the host cell genome 
allowing to assay type II transmembrane proteins, compris- 
ing a plasmid portion, a first gene coding for a membrane 
bound protein, a first module of an intracellular degrada- 
tion protein, a transcriptional activator fused in an in- 
verted orientation to the plasmid portion, a promoter, 
unique restriction sites, a transcription termination sig- 
nal, a first marker gene but no replication initiating se- 
quence; 

(d) a third vector allowing the cloning of the gene encoding 
the transmembrane or soluble protein comprising a plasmid, 
said gene which is fused to the N-terminus of a mutation- 
ally altered second module of an intracellular degradation 
protein, a promoter, a transcription termination signal, a 
unique restriction site, a second marker gene and , means 
for replication in a host cell; 

(e) a fourth vector allowing the cloning of the gene encoding 
the transmembrane or soluble protein comprising a plasmid, 
said gene which is fused to the C-terminus of a mutation- 
ally altered second module of an intracellular degradation 
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protein, a promoter, a transcription termination signal, a 
unique restriction site, a second marker gene and means 
for replication in a host cell; 
(f) a fifth and a sixth vector identical to the third and the 
5 fourth vector with the exception of the second module of 

an intracellular degradation protein, which is wildtype, 
said vectors serving as control vectors. 

10. The kit according to claim 9, wherein the host cell is a 
10 yeast, bacterial or mammalian cell. 

11. The kit according to claim 10, wherein the host cell is a 
yeast cell/ preferably of Saccharomyces pombe and most prefera- 
bly of the budding yeast Saccharomyces cerevisiae. 

15 

12. The kit according to claim 9 claim wherein the detectable 
gene is activated by a natural or artificial activator. 

13. The kit according to claim 12 wherein the detectable gene 
20 is activated by the artificial transcriptional activator Pro- 
tein A-LexA- VI 6 (PV1). 

14. The kit according to claim 9, wherein the intracellular 
degradation protein is ubiquitin comprising a first C-terminal 

25 module Cub and a second N-terminal module Nub. 

15. The kit according to claim 9 wherein the promoters from 
steps (a) to (f) are selected from the group consisting of ADH 
promoter, Cyc 1 promoter or TEF1 promoter. 

30 

16. The kit according to claim 9 wherein the DNA-sequences 
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coding for the first test protein are derived from any bacte- 
rial membrane protein, any viral membrane protein, any onco- 
gene-encoded membrane protein, any growth factor receptor or 
any eukyaryotic membrane protein. 



17. The kit according to claim 9 wherein the DNA-sequences 
coding for the second test protein are derived from a library 
of plamids. 

10 18. Use of the method of claim 1. 

19. Use of the kit of claim 9. 



5 
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